Supplementary Information
Supplementary Methods
UK Biobank Quality Control

The UK Biobank performed extensive quality control on the genetic data including the
exclusion of the majority of third degree or closer relatives from a genetic kinship analysis of
96% of individuals. We performed an additional round of principal components analysis on
these 120,286 UK Biobank participants. We selected 95,535 independent single nucleotide
polymorphisms (pairwise > <0.1) directly genotyped with a minor allele frequency > 2.5%
and missingness <1.5% across all UK Biobank participants with genetic data available at the
time of this study (n=152,732), and with Hardy-Weinberg P>1x10 within the white British
participants. Principal components were subsequently generated using FlashPCA (/) and the

first five adjusted for in all analyses.

Power calculation: To assess the power of our study, we calculated the approximate number
of individuals we would need to detect the expected effect given the gene score — height/BMI
associations and the height/BMI-socioeconomic status measure associations: Townsend
deprivation index, income, degree level education or job class associations. We used the
product of the variance explained by the instrumental variable-height or BMI association and
the height or BMI — socioeconomic status associations and a range of P values including

0.05, 0.01 and 0.001 to determine the numbers required to have at least 80% power.



Supplementary table A: Comparison of key demographics for individuals
reporting or not reporting each socioeconomic status measure

Demographic variable Data available Data missing |
Age completed full time education
N 82,543 37,126
Age at recruitment in years (SD) 57.5(7.9) 55.6 (7.9) <1E-15
Male, N (%) 38,342 (46.5) 18,310 (49.3) <0.001
Mean height in m (SD) 168 (9) 170 (9) <1E-15
Mean BMI in kgm-2 (SD) 27.9 (4.9) 26.7 (4.5) <1E-15
Degree level education
N 118,565 1,104
Age at recruitment in years (SD) 56.9 (7.9) 59.6 (7.5) <1E-15
Male, N (%) 56,111 (47.3) 541 (49.0) 0.27
Mean height in m (SD) 169 (9) 167 (9) 1.00E-11
Mean BMI in kgm-2 (SD) 27.5 (4.8) 28.2 (5.0) 3.00E-05
Job class
N 76,404 43,265
Age at recruitment in years (SD) 54.4 (7.6) 61.4 (6.3) <1E-15
Male, N (%) 37,608 (49.2) 19,044 (44.0) <0.001
Mean height in m (SD) 170 (9) 167 (9) <1E-15
Mean BMI in kgm-2 (SD) 27.4 (4.7) 27.7 (5.0) 3.00E-15
Income
N 103,327 16,342
Age at recruitment in years (SD) 56.5 (8.0) 59.3 (7.4) <1E-15
Male, N (%) 50,862 (49.2) 5,790 (35.4) <0.001
Mean height in m (SD) 169 (9) 166 (9) <1E-15
Mean BMI in kgm-2 (SD) 27.5 (4.8) 27.6 (5.0) 2.00E-05
Townsend deprivation index
N 119,519 150
Age at recruitment in years (SD) 56.9 (7.9) 55.3(8.0) 0.015
Male, N (%) 56,582 (47.3) 70 (46.7) 0.87
Mean height in m (SD) 169 (9.2) 169 (8.9) 0.51
Mean BMI in kgm-2 (SD) 27.5 (4.8) 27.8 (5.4) 0.43

A P values represent age and sex adjusted comparisons of the two groups of individuals with
and without data available.



Supplementary table B: Associations between the 5 socioeconomic status markers and a range of health outcomes

in the UK Biobank
Odds ratio for disease in the
Disease socioeconomic status measure N cases (controls) UK Bl?bank per SD higher p
socioeconomic status
(95% CD"

Coronary artery disease 4670 (77890) 0.85 (0.82, 0.88) 7.00E-25
Hypertension ) ) 47915 (34151) 0.96 (0.94, 0.97) 3.00E-08
Long illness Age completed full time education g5, 5 5 gg9) 0.91 (0.89, 0.92) 8.00E-37
Type 2 diabetes 3144 (77544) 1.00 (0.96, 1.03) 8.10E-01
Coronary artery disease 5663 (112921) 0.62 (0.59, 0.66) 1.00E-55
Hypertension Degree 64881 (53040) 0.81 (0.79, 0.83) 9.00E-63
Long illness 38872 (77100) 0.87 (0.85, 0.89) 3.00E-27
Type 2 diabetes 3958 (112185) 0.81 (0.76, 0.87) 3.00E-09
Coronary artery disease 2280 (74133) 0.71 (0.65, 0.78) 6.00E-14
Hypertension Tob class 37446 (38507) 0.80 (0.77, 0.83) 1.00E-34
Long illness 20712 (54147) 0.86 (0.83, 0.89) 2.00E-16
Type 2 diabetes 1914 (73217) 0.98 (0.89, 1.08) 6.90E-01
Coronary artery disease 4778 (98563) 0.73 (0.71, 0.76) 2.00E-76
Hypertension Income 55864 (46947) 0.93 (0.91, 0.94) 5.00E-28
Long illness 33431 (67856) 0.74 (0.73, 0.75) <1E-15
Type 2 diabetes 3420 (97860) 0.83 (0.80, 0.86) 6.00E-23
Coronary artery disease 5752 (113786) 0.78 (0.76, 0.80) 4.00E-68
Hypertension Townsend deprivation index 65499 (53314) 0.96 (0.95, 0.98) 5.00E-09
Long illness 39239 (77617) 0.80 (0.79, 0.81) 2.00E-158
Type 2 diabetes 3998 (113062) 0.86 (0.83, 0.89) 9.00E-19

A adjusted for age, sex and BMI



Supplementary table C: Summary of the body mass index (BMI) and height variants previously identified as associated with those traits at genome wide

significance
Trait Genetic Locus Exclude Reason for exclusion Trait Trait Directly Imputation Beta P value
variant from raising  lowering genotyped quality representing
score allele allele or SD change
Imputed in BMI or
height for
each SNP in
UK Biobank
data
BMI rs1000940 RABEPI No NA G A Imputed 0.99624 0.011 1.60E-02
(0.004)
BMI rs10132280 STXBP6 No NA C A Imputed 0.97496 0.020 1.10E-05
(0.005)
BMI rs1016287 FLJ30838 No NA T C Imputed 0.99411 0.019 2.00E-05
(0.004)
BMI rs10182181 ADCY3 No NA G A Imputed 0.99521 0.033 1.40E-15
(0.004)
BMI rs10733682 LMXIB No NA A G Imputed 0.9576 0.019 5.90E-06
(0.004)
BMI rs10938397 GNPDA?2 No NA G A Imputed 1 0.030 5.80E-13
(0.004)
BMI rs10968576 LINGO2 No NA G A Imputed 1 0.024 6.90E-08
(0.004)
BMI rs11030104 BDNF Yes BMI-raising allele also A G Imputed 0.99931 NA NA
associated with regular
smoking (which itself
has a causal effect on
BMI in opposite
direction)
BMI rs11057405 CLIPI No NA G A Imputed 1 0.030 4.70E-06
(0.007)
BMI rs11126666 KCNK3 No NA A G Imputed 0.99485 0.002 7.10E-01
(0.005)
BMI rs11165643 PTBP2 No NA T C Imputed 0.99575 0.016 9.50E-05
(0.004)
BMI rs11191560 NT5C2 No NA C T Imputed 0.99989 0.026 6.50E-04

(0.008)
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BMI rs6477694 EPB4114B No NA C T Imputed 0.99022 0.008 6.70E-02
BMI rs6567160 MC4R No NA C T Imputed 0.99663 (88(5)3) 9.50E-29
BMI rs657452 AGBL4 No NA A G Imputed 0.98709 (88(1);51) 8.40E-04
BMI rs6804842 RARB No NA G A Imputed 0.98778 (8883) 3.20E-02
BMI rs7138803 BCDIN3D No NA A G Imputed 1 (8823) 1.30E-15
BMI rs7141420 NRXN3 No NA T C Imputed 0.98379 (88(1)3) 6.70E-06
BMI rs7243357 GRP No NA T G Imputed 0.98998 (88(1)3) 2.10E-02
BMI rs758747 NLRC3 No NA T C Imputed 0.97187 (88(1);51) 2.00E-03
BMI rs7599312 ERBB4 No NA G A Imputed 0.97294 (88(1)3) 3.60E-05
BMI rs7899106 GRID1 No NA G A Imputed 0.98612 (8822) 1.40E-02
BMI rs9400239 FOX03 No NA C T Imputed 0.99206 (88(1)2) 2.30E-04
BMI rs9581854 MTIF3 No NA T C Imputed 0.98643 (88(1)? 6.20E-03
(0.005)
BMI rs9925964 KATS Yes SNP not in Hardy- A G Imputed 1
Weinberg equilibrium
Height rs10083886 SOX9 No NA T C Imputed 0.96954 0.021 1E-05
Height rs10131337 PAX9 No NA T C Imputed 0.98303 800%()65) 6E-08
Height rs10152739 SPREDI No NA T A Imputed 0.9879 80001065) TE-04
Height rs1036477 FBNI No NA A G Imputed 0.9957 E)OO(;O95) 2E-05
Height rs1036821 ZFAT No NA G A Imputed 0.97861 800(31027) 1E-20
(0.004)
Height rs1047014 ID4 No NA C T Imputed 1 0.028 4E-09
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0.99272

1

0.95464

1

0.99346

0.96536

1

0.99849

0.99747

1

1

0.98457

0.99389

0.020
(0.005)
0.022
(0.005)
0.036
(0.004)
0.031
(0.004)
0.028
(0.006)
0.021
(0.005)
0.035
(0.005)
0.060
(0.007)
0.024
(0.004)
0.068
(0.017)
0.026
(0.005)
0.003
(0.005)
0.060
(0.009)
0.016
(0.004)
0.012
(0.004)
0.031
(0.008)
0.029
(0.004)
0.012
(0.005)
0.008
(0.004)

1E-05

6E-06

6E-18

3E-13

7E-06

9E-06

1E-14

4E-17

1E-08

7E-05

4E-08

6E-01

2E-10

2E-04

4E-03

TE-05

3E-12

8E-03

7E-02



Height
Height
Height
Height

Height
Height

Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height

Height

rs13416119

rs1401795

rs1405212

rs14062

rs1420023
rs143384

rs1461503

rs1546391

rs1550162

rs1552173

rs1562975

rs1576900

rs1582931

rs1599473

rs1614303

rs165189

rs1658351

rs1659127

rs1681630

rs16834765

EMLA
Cl70rf67
VGLL2
MIBI

CDKNIB
GDF5

BSX
ZBTB20
EIF3H
PSCDI
RPL34
ADAMTSLI
CCDCI00
NOV
FGFR2
PSD2
FLNB
MKL2
PTPRJ

PTP4A2

No

Yes

Yes
No

No

No

No

No

No

No

NA
SNP not in Hardy-
Weinberg equilibrium
NA
NA

SNP not available
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

Q Q@ a » OO o a o a0

—

Q

> =2 » » Q@ =2 » O » P » H

—

Imputed
NA
Imputed
Imputed

NA
Imputed

Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed

Imputed

0.98764

NA

0.9969

0.99528

NA
1

0.99729

0.98751

0.97822

0.98704

0.99896

0.97217

1

0.98821

0.99718

0.9813

0.99121

1

0.99573

1

0.024
(0.007)
NA

0.027
(0.004)
0.009
(0.004)
NA
0.092
(0.004)
0.021
(0.004)
0.031
(0.008)
0.022
(0.005)
0.013
(0.004)
0.027
(0.004)
0.011
(0.005)
0.023
(0.004)
0.030
(0.005)
0.015
(0.005)
0.014
(0.006)
0.024
(0.004)
0.022
(0.004)
0.024
(0.004)
0.051

9E-04

NA

2E-10

SE-02

NA
1E-109

4E-07

1E-04

3E-06

1E-03

2E-09

2E-02

2E-08

7E-10

6E-03

2E-02

2E-08

2E-07

2E-08

6E-09



Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height

Height

rs16895130

rs16964211

rs16968242

rs17038954

rs17081935

rs17113369

rs17122659

rs17250196

rs17264185

rs17330192

rs17349981

rs17391694

rs17410035

rs17450430

rs17511102

rs17556750

rs17574650

rs17783015

rs17792664

CCND3
CYPI9A1
SCAPER

PXDN

C4orfl4
RWDD3
SLC16A7

GATS/PVRIG

SMADG6
FAMSAI

MEX3B

GIPC2

CSorf22

STAUI

CDC42EP3
PRKG?2
GHR
ATP2BI

CHDS8

No

No

No

No

No

No

No

No

No

No

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

a a a

—

> o> Q o =23 =3 > Qa » 0

(@)

Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed

Imputed

0.98958

1

0.99962

0.95649

0.9998

1

0.99103

0.96925

0.99628

0.98161

0.99669

1

0.99922

0.9959

1

0.99479

(0.009)
0.024
(0.005)
0.043
(0.010)
0.035
(0.008)
0.029
(0.009)
0.035
(0.005)
0.009
(0.012)
0.023
(0.007)
0.035
(0.009)
0.026
(0.005)
-0.004
(0.005)
0.012
(0.006)
0.036
(0.006)
-0.006
(0.004)
0.044
(0.005)
0.047
(0.007)
0.042
(0.005)
0.043
(0.007)
0.009
(0.006)
0.025

3E-07

1E-05

3E-05

7E-04

2E-11

SE-01

SE-04

1E-04

6E-08

4E-01

4E-02

SE-10

2E-01

2E-20

3E-11

8E-21

3E-10

1E-01

8E-06



Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height

Height

rs17806888

rs17807185

rs1797625

rs1812175

rs181338

rs1832871

rs1884897

rs1923367

rs1935157

rs1950500

rs1966913

rs1980850

rs1996422

rs2013265

rs2023693

rs2034172

rs2057291

rs2058092

rs2072268

SUCLG?2
RSBNIL
C3orfl7
HHIP
ZCCHC6
TULP4
BMP2
ZCCHC24
HLX
NFATC4
LRRC36
RADSILI
FRYL
ADAM?28
DCUNID3
WNTS5A
GNAS
NUMB

ARSG

No

No

No

No

No

No

No

No

No

No

No

No

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

> o Q Q@ o @ @ » 3 . a a » @ »

—

aQa a o » » » 0

(@)

Q » > =2 > » +

(@)

Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed

Imputed

0.9897

0.9765

1

0.99635

0.99881

0.9921

0.98201

1

1

0.99972

0.99858

0.98043

1

0.99918

0.99308

1

0.98608

1

(0.006)
0.030
(0.006)
0.011
(0.004)
0.021
(0.004)
0.087
(0.005)
0.035
(0.004)
0.025
(0.004)
0.055
(0.004)
0.036
(0.004)
0.018
(0.005)
0.027
(0.004)
0.058
(0.010)
0.017
(0.006)
-0.007
(0.005)
0.028
(0.005)
0.008
(0.004)
0.011
(0.004)
0.019
(0.004)
0.011
(0.004)
0.014

2E-06

1E-02

2E-06

3E-57

9E-18

6E-09

4E-38

6E-18

9E-05

1E-09

8E-09

2E-03

1E-01

2E-09

SE-02

1E-02

9E-06

9E-03

7E-04



Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height

Height

rs2074977

rs2079795

rs2093210

rs2117563

rs2120335

rs2123731

15212524

rs2145357

rs2149163

1s2164747

rs2166898

rs217181

rs2175513

rs2211866

1s2224538

rs2237886

1s2272566

rs2275325

rs2280470

NFIC
Cl70rf82
Cl4orf39
GRB2
PPP3RI
UHRF1
ECEI
NT5DCI
BNC2
HSP90BI
GLI2
HPR
FAMI9A1
KCNJ15
MAFB
KCNQI
PSMDI3
ZC3HIIA

ACAN

No

No

No

No

No

No

No

No

No

No

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

o > Qa Q@ 0

Q

> o 43 a Q@ 0

—

o a » o » o a » 423 Q » » A

@)

a a a

Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed

Imputed

1

1

0.97693

0.99931

0.99937

1

1

0.99659

0.99152

0.99925

1

1

0.98947

0.98188

0.98816

1

0.99421

1

1

(0.004)
0.024
(0.004)
0.048
(0.004)
0.038
(0.004)
0.023
(0.006)
0.018
(0.004)
0.032
(0.005)
0.022
(0.004)
0.019
(0.005)
0.017
(0.004)
0.027
(0.007)
0.034
(0.005)
0.021
(0.005)
0.000
(0.004)
0.037
(0.004)
0.020
(0.004)
0.063
(0.007)
-0.007
(0.004)
0.019
(0.005)
0.044

1E-08

1E-28

1E-19

2E-05

1E-05

3E-12

1E-07

4E-05

SE-05

3E-05

4E-10

7E-05

1E+00

4E-18

4E-06

4E-21

9E-02

4E-05

3E-24



Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height

Height

1s2284746

rs2289195

1s2298265

rs2302580

1s2306596

rs2306694

1s2326458

rs2338115

rs2345835

rs2510396

rs2581830

rs2597513

rs26024

1s2631676

1s2633761

1s2662027

rs2682587

rs26868

rs2715094

MFAP2

DNMT3A

ZNF687

CPZ

RFCI

CS

ZDHHC7

PIP4K2B

RDHI14

GAL

RFTI

HDACI1I

FBN2

PCGF5

ITPRI

MIER3

XRCCI

CASKIN1

GRBI0

No

No

No

No

No

No

No

No

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

o Q@ » 0O

(@)

a » » Qa » Q

> > 0

a » » = @)

—

Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed

Imputed

1

1

0.98211

0.99585

0.99922

1

0.99426

0.99246

0.99288

0.99506

1

0.98519

0.99202

0.95603

1

0.99138

0.99848

0.98915

(0.004)
0.036
(0.004)
0.044
(0.004)
0.014
(0.007)
0.025
(0.004)
0.018
(0.004)
0.042
(0.008)
0.024
(0.005)
0.027
(0.004)
0.003
(0.004)
0.041
(0.006)
0.032
(0.004)
0.033
(0.007)
0.014
(0.004)
0.039
(0.005)
0.010
(0.004)
0.025
(0.007)
0.029
(0.005)
0.028
(0.004)
0.020

2E-18

6E-26

3E-02

1E-09

2E-05

4E-07

3E-07

6E-11

4E-01

2E-13

1E-14

1E-06

8E-04

1E-13

2E-02

2E-04

3E-08

8E-12

3E-05



Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height

Height

1s273945

rs2748483

rs2763273

rs2781373

1s2806561

rs2811594

rs2815379

1s2829941

rs2834442

rs2854207

rs2856321

rs2871865

rs2888893

1s291979

1$2956605

1s2961830

1s2974438

rs3014219

rs301901

CREB3L2
GRM1
SMOC2
MAX
LUZPI
FAMG69A
SLC35D1
APP
KCNE2
CSH2
ETV6
IGFIR
CI20rf23
GRKS
CRISPLDI
ISLI
SLIT3
AKRIAI

NIPBL

No

No

No

No

No

No

No

No

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

>

QO aa @ » A4 Q@ a » Q 0

(@)

> o Q > P >

|4 Q » o =23 Q » » Q@ » A

—

aQ » >

Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed

Imputed

0.94152

0.99855

0.99591

0.99932

1

1

1

0.99247

1

0.99608

1

1

0.99863

0.9937

0.97906

0.99448

0.98375

1

0.99547

(0.005)
0.021
(0.004)
0.016
(0.004)
0.034
(0.005)
0.028
(0.004)
0.019
(0.004)
0.014
(0.004)
0.014
(0.005)
0.002
(0.004)
0.018
(0.004)
0.053
(0.005)
0.029
(0.004)
0.063
(0.006)
0.013
(0.004)
0.022
(0.005)
0.027
(0.004)
0.017
(0.004)
0.037
(0.005)
0.013
(0.004)
0.028

1E-06

9E-05

3E-12

3E-11

4E-06

8E-04

2E-03

7E-01

2E-05

7E-31

1E-11

4E-23

1E-03

7TE-06

2E-10

8E-05

2E-13

1E-03

3E-11



Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height

Height

rs310421

rs3116168

rs3118905

rs3132297

rs314263

rs316618

rs318095

rs32855

rs34651

1s354196

rs3739707

rs3760318

rs3763631

rs3782089

rs3790086

rs3791679

rs3802758

rs3807931

rs3809790

FAMA46A

DIS3L2

DLEU7

RXRA

LIN28B

LTK

ATP5GI

FAMI51B

TNPO!I

SPTBN1

LPARI

CENTA2

NPR2/SPAGS

SSSCAI

wwp2

EFEMPI

PEXI6

ITGBS

SSH2

No

No

No

No

Yes

No

No

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
SNP not in Hardy-
Weinberg equilibrium
NA
NA
NA

NA

Q Q@ 0

(@)

> > >

> > A

—

Qa Q@ a @ =2 Q@ » » » H

—

Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
NA
Imputed
Imputed
Imputed

Imputed

0.99828

0.99802

1

1

0.99833

0.95894

0.99849

0.9916

0.96907

0.97687

0.9919

1

0.99079

1

NA

1

0.9886

0.99273

0.99929

(0.004)
0.031
(0.004)
0.046
(0.005)
0.056
(0.005)
0.005
(0.006)
0.048
(0.004)
0.015
(0.005)
0.034
(0.004)
0.019
(0.005)
0.042
(0.008)
0.006
(0.004)
0.029
(0.005)
0.051
(0.004)
0.017
(0.004)
0.027
(0.008)
NA

0.080
(0.005)
0.009
(0.008)
0.031
(0.004)
0.016

3E-14

8E-24

6E-35

4E-01

3E-28

4E-03

1E-16

1E-04

4E-08

2E-01

2E-09

9E-34

1E-04

8E-04

NA

9E-60

2E-01

3E-14

8E-05



Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height

Height

rs3812040

rs3812423

rs3814333

rs3818416

rs3825199

rs3885668

rs3915129

rs3923086

rs3958122

rs39623

rs4072910

rs42039

1422421

rs4239020

1425277

15429433

rs4332428

rs4350272

rs4369779

DAB?2

KCTD9

GLT25D2

EDNRB

SOCS2

KLFI11

CTNNBI

AXIN2

SLBP

ADAMTSI9

ADAMTSI0

CDK6

FGFR4

CCDC57

PRKCZ

MFHAS1

AKRICI

ARHGAP21

CABLES]

No

No

No

No

No

No

No

No

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Q » A

—

> > >

(@)

> > 0

—

a a o 0

—

Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed

Imputed

0.99127

0.99973

1

0.99548

1

0.99257

0.99872

0.9707

0.99446

0.99499

1

0.99565

1

1

1

1

0.9991

0.99009

1

(0.004)
0.018
(0.005)
0.013
(0.004)
0.049
(0.004)
0.019
(0.005)
0.059
(0.005)
0.023
(0.004)
0.024
(0.004)
0.029
(0.004)
0.025
(0.004)
0.049
(0.008)
0.033
(0.004)
0.058
(0.005)
0.044
(0.005)
0.017
(0.004)
0.018
(0.005)
0.045
(0.010)
0.047
(0.006)
0.012
(0.005)
0.075

1E-04

2E-03

2E-28

7E-05

2E-32

4E-08

3E-09

6E-12

4E-09

2E-10

4E-16

4E-34

1E-18

1E-04

8E-05

2E-06

2E-13

9E-03

2E-50



Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height
Height

Height

rs4425077

rs4548838

rs4601530

rs4605213

154624820

rs4640244

rs4656220

rs4686904

rs4725061

rs4733724

rs4735677

rs4785393

rs4802134

rs4803468

rs4812586

rs4843367

rs4868126

rs4875421

rs4883972

FNI

ADAMTSI17

CLIC4

NME]I-

NME2/NME2

SPRY4

KCNJI2

PRRX1

BCL6

GLCCII

MLZE

PXMP3

PAPDS5

SIPAIL3

BCKDHA

SAMHDI1

RAB28

FBXW11

CSMD1

KLFI2

No

No

No

No

No

No

No

No

No

No

No

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

4 > >

3 > Q 0

a a » » » Q

—

(@)

a a a a S

> aQa a a » o Qo » A

—

>

Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed
Imputed

Imputed

0.99732

0.99398

1

1

0.99701

0.99019

0.99728

0.99776

0.98617

0.99656

0.99945

0.99743

0.99706

0.93315

0.99645

0.99117

(0.005)
0.008
(0.004)
0.035
(0.004)
0.001
(0.005)
0.017
(0.004)
0.005
(0.004)
0.028
(0.004)
0.017
(0.004)
0.025
(0.004)
0.021
(0.004)
0.057
(0.005)
0.045
(0.005)
0.011
(0.005)
0.006
(0.005)
0.031
(0.004)
0.035
(0.006)
0.007
(0.004)
0.035
(0.004)
0.010
(0.004)
-0.005

SE-02

3E-17

8E-01

8E-05

2E-01

2E-11

1E-04

SE-09

3E-07

6E-29

4E-23

S5E-02

2E-01

TE-14

2E-09

1E-01

7E-16

1E-02

2E-01



Height
Height
Height
Height
Height
Height
Height
Height
Height

Height
Height

Height
Height
Height
Height
Height
Height
Height

Height

rs4896582

rs4953951

1s497273

rs4974480

rs4986172

1s526896
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Supplementary Table D: Observational and genetic associations for A) height and B) body mass index (BMI) with job class and annual

household income using ordinal regression models.

A
Observational associations Genetic associations
Odds ratio
Socio cconomic 0dds ratio (95% CI) for higher (951‘1? (flle)rf""
Subcategories N socioeconomic status SD | g . P
status measure . . . socioeconomic
increase in height
status per SD
increase in height
All 76404 1.22 (1.20to 1.23) <1E-15 1.08 (1.04 to 1.11) 7E-5
Job class Male only 37608 1.22 (1.20to 1.24) <1E-15 1.09 (1.04 to 1.15) 0.0004
Female only 38796 1.21 (1.19to 1.23) <1E-15 1.04 (0.99to 1.10) 0.08
A Ih hold All 103327 1.26 (1.24 to 1.27) <1E-15 1.09 (1.06 to 1.13) 2E-8
nn“f‘ncoomuze © Male only 50862 1.30 (1.28 to 1.32) <IE-15 1.14(1.10to 1.19)  5E-10
Female only 52465 1.21 (1.19to 1.23) <1E-15 1.04 (0.99 to 1.09) 0.09
B
Observational associations Genetic associations
Odds ratio
. . 0dds ratio (95%CI) for higher (95%CI) for
Socio economic . . . higher
Subcategories N socioeconomic status per SD P . . P
status measure . socloeconomic
higher BMI
status per SD
higher BMI
All 76404 0.94 (0.93 to 0.96) <1E-15 0.89 (0.81 to 0.99) 0.029
Job class Male only 37608 0.99 (0.97 to 1.01) 0.16 0.90 (0.77 to 1.06) 0.22
Female only 38796 0.91 (0.90 to 0.93) <1E-15 0.89 (0.78 to 1.01) 0.07
Annual household All 103327 0.90 (0.89to 0.91) <1E-15 0.89 (0.81to 0.97) 0.01
income Male only 50862 0.98 (0.96 to 0.99) 0.005 1.08 (0.94 to 1.24) 0.29




Female only 52465 0.86 (0.84 to 0.87) <1E-15 0.76 (0.68 to 0.86) SE-6

Supplementary table E: Genetic associations between BMI and income in women stratified on A) employment status and
marital status or B) health status

Beta (95%CI) representing a SD
change in income per SD change in

Employment Status Marital status N BMI P

Working All 33,939 -0.15 (-0.23 to -0.07) 4E-4
Working Live with husband/partner 23,575 -0.12 (-0.22 to -0.03) 0.01
Working Do not live with husband/partner 9,563 -0.10 (-0.22 to 0.01) 0.08
Non-working All 28914 -0.11 (-0.21 to -0.01) 0.03
Non-working Live with husband/partner 20,305 -0.12 (-0.25 to 0.01) 0.07
Non-working Do not live with husband/partner 6,981 0.01 (-0.10to 0.13) 0.82

Beta (95%C]) representing a SD

change in income per SD change in
Health status N BMI p

No non-cancer or cancer disease reported 12,127 -0.23 (-0.39, -0.08) 0.004

Note marital status classified as living with husband or partner versus those not living with a husband/partner



Supplementary table F: Associations between taller stature and five measures of socio-economic
comparing standard instrumental variable analysis and the Egger method

Genetic” Genetic — Egger"?
Change in . . .
Socio economic socioeconomic status Change in socioeconomic
status measure Subcategories N (95%CTI) per SD P status (95% CI) per SD P
taller stature
taller stature
All 82543 0.03 (0.01 to 0.05) 0.01 0.07 (0.03 to 0.11) 0.0004
Age completed full Maleonly 38342  0.04(0.01to 0.07)  0.009 0.08 (0.02 to 0.14) 0.004
time education
Female only 44201 0.01 (-0.02 to 0.04) 0.40 0.05 (0.01 to 0.09) 0.018
All 118565  1.02(0.99 to 1.05) 0.22 1.06 (0.99 to 1.13) 0.09
Degree education Male only 56111 1.04 (1.00 to 1.09) 0.08 1.10 (1.01 to 1.19) 0.026
Female only 62454 1.00 (0.95 to 1.05) 0.97 1.09 (1.00 to 1.19) 0.06
bl All 76404 1.12 (1.07 to 1.18) 6E-7 1.18 (1.08 to 1.29) 0.0002
Job class
(skilled/unskilled) Male only 37608 1.13 (1.07 to 1.21) 2E-5 1.23 (1.10 to 1.37) 0.0004
Female only 38796 1.14 (1.05to 1.24) 0.003 1.21 (1.08 to 1.36) 0.002
All 103327  0.05(0.03to 0.07)  4E-8 0.05 (0.02 to 0.08) 0.0009
A“““f‘fwl:)?lzeh‘ﬂd Maleonly 50862  0.07 (0.05t0 0.10)  1E-9 0.08 (0.04 to 0.12) 0.0002
Female only 52465 0.02 (0.00 to 0.05) 0.09 0.05 (0.00 to 0.10) 0.09
N All 119519  0.00 (-0.02to0 0.01)  0.71 -0.03 (-0.06 to 0.00) 0.038
Townsend deprivation
index Male only 56582  -0.02 (-0.05 to 0.00)  0.05 -0.08 (-0.12 to -0.04) 0.0004
Female only 62937 0.02 (-0.01 to 0.04) 0.19 -0.005 (-0.05 to 0.04) 0.8

AUtilises instrumental variable analysis via the ivreg2 command in STATA for continuous variables and the 2-step procedure for
binary outcomes using the height Genetic Risk Score. The F-stat when considering all individuals is >10898 for each
socioeconomic status measure, in males only the F-stat is >5308 for each socioeconomic status measure and in females only the
F-stat is >5615 for each socioeconomic status measure.

A An alternative genetic approach detailed in Bowden et al., 2015

For age completed full time education, annual household income and Townsend deprivation index the changes reported are
standard deviation. For degree and job class odds ratios are presented, representing odds of higher socioeconomic status per SD
higher height.



Supplementary table G: Sensitivity analysis with the Egger Method to further investigate associations between higher BMI and two
measures of socio-economic status

GeneticM? Genetic Egger* "
Socio economic status Change in socioeconomic Change in socioeconomic
measure Subcategories N status (95 % CI) per SD P status (95% CI) per SD P
higher BMI higher BMI
_ All 82543 -0.01 (-0.07 to 0.04) 0.63 0.04 (-0.05 to 0.13) 0.44
Age completed full time Male only 38342 0.00 (-0.09 to 0.09) 0.98 0.12 (-0.01 to 0.25) 0.08
education Female only 44201 -0.02 (-0.09 to 0.05) 0.56 0.03 (-0.14 to 0.08) 0.38
All 118565 0.94 (0.85 to 1.03) 0.18 1.21 (1.01 to 1.45) 0.038
Degree education Male only 56111 0.94 (0.81 to 1.09) 043 1.58 (1.23 to 2.02) 0.0006
Female only 62454 0.93 (0.82 to 1.06) 0.28 0.97 (0.78 to 1.21) 0.82
All 76404 0.90 (0.79 to 1.02) 0.10 0.99 (0.78 to 1.26) 0.93
Job class 0.88 (0.73 to 1.08 0.22
(skilled/unskilled) Male only 37608 ( ) 1.07 (0.80 to 1.44) 0.65
Female only 38796 0.91(0.76 to 1.08) 0.29 0.76 (0.56 to 1.02) 0.08
All 103327 -0.05 (-0.10 to -0.00) 0.041 -0.03 (-0.11 to 0.05) 0.58
Annual household income Male only 50862 0.06 (-0.02 to 0.14) 0.15 0.16 (0.04 to 0.29) 0.012
Female only 52465 -0.14 (-0.20 to -0.08) 1E-5 -0.17 (-0.25 to -0.05) 0.004
All 119519 0.05(0.01 to 0.10) 0.024 -0.00 (-0.08 to 0.08) 0.96
Townseri‘g diip“va“o“ Male only 56582 -0.01 (-0.08 to 0.06) 0.78 -0.12 (-0.23. -0.01) 0.032
Female only 62937 0.10 (0.04 to 0.16) 0.001 0.10 (-0.01 to 0.21) 0.08

AUtilises instrumental variable analysis, via the ivreg2 command in STATA for continuous variables and the 2-step approach for
binary outcomes, using the BMI Genetic Risk Score. The F-stat for all individuals is >1257 for each socioeconomic status
measure, in males only the F-stat is >591 for each socioeconomic status measure and in females only the F-stat is >666 for each
socioeconomic status measure.

A An alternative genetic approach detailed in Bowden et al., 2015

For age completed full time education and Townsend deprivation index the changes reported are standard deviation.



Supplementary table H: Comparison of the A) height and B) BMI associations with the different socioeconomic status measures using
the standard method and the linear mixed models that correct for close and distant relatedness, as implemented in BOLT LMM (2).

A
Beta (95 % CI) for a change Beta (95 % CI) for a change
Socioeconomic status in socioeconomic status in socioeconomic status
measure Method used”  measure per SD change in P measure per SD changein P
height using standard height using BOLT LMM
method"*? method A
Age completed full time 5 G 0.03 (0.01 to 0.05) 0.0005 0.04 (0.02 to 0.06) 1E-05
education
ilgueczggg’leted fulltime 5 otic-Egger 0.07 (0.03 to 0.10) 0.0004 0.05 (0.02 to 0.09) 0.005
Job class Genetic 0.04 (0.02 to 0.06) 2E-05 0.05 (0.03 to 0.07) 1.E-06
Job class Genetic-Egger 0.06 (0.02 to 0.09) 0.004 0.05 (0.01 to 0.09) 0.016
Income Genetic 0.06 (0.04 to 0.07) 2E-12 0.05 (0.03 to 0.07) 2E-09
Income Genetic-Egger 0.05 (0.02 to 0.09) 0.0009 0.04 (0.01 to 0.08) 0.007
Townsend Deprivation o oy;c -0.01 (-0.02 to 0.01) 0.14 -0.02 (-0.04 to 0.00) 0.015
index
;%Zfsend Deprivation G etic-Egger -0.03 (-0.06 to 0.00) 0.038 -0.04 (-0.07 to -0.01) 0.018
B
Beta (95 % CI) for a change Beta (95 % CI) for a change
. . in socioeconomic status in socioeconomic status
Socioeconomic status
measure Method used measure per SD change in P measure per SD change in P
BMI using standard BMI using BOLT LMM

method” method/?




Age completed full time
education

Job class

Job class

Income

Income

Townsend Deprivation
index

Townsend Deprivation
index

Genetic-1V

Genetic-1V
Genetic-Egger
Genetic
Genetic-Egger

Genetic

Genetic-Egger

-0.02 (-0.07 to 0.03)

0.07 (-0.12 to -0.02)
-0.04 (-0.15 to 0.07)
-0.06 (-0.10 to -0.01)
-0.03 (-0.11 to 0.06)

0.05 (0.01 to 0.10)

0.00 (-0.08 to 0.08)

0.48

0.011
0.44
0.017
0.58

0.015

0.96

-0.04 (-0.08 to 0.01)

-0.08 (-0.13 to -0.02)
-0.02 (-0.13 to 0.08)
0.07 (-0.12 to -0.02)
-0.01 (-0.09 to 0.07)

0.05 (0.01 to 0.09)

-0.02 (-0.09 to 0.05)

0.14

0.007
0.66
0.003
0.76

0.015

0.63

A Genetic represents the standard instrumental variables approach and the results from the Egger method were presented as a

sensitivity analysis when the standard instrumental variable method was P<0.05 in either the standard method or BOLT-LMM.

AN Standard method accounts for population stratification by taking the residuals of the exposure and outcome variables for

standard linear regression using 9 covariates (age, sex, assessment centre location, 5 (within UK) ancestry principal components

and microarray used to measure genotypes. These residualised variables where then inverse normalised.

AMA The BOLT-LMM approach uses a linear mixed models methodology and corrects for all levels of inter-individual correlation

of genotypes due to relatedness, from close relatives to cryptic relatedness caused by population stratification. We inverse
normalised the socioeconomic status measures, then took the residuals using 3 covariates (age, sex, assessment centre location)

and then inverse normalised again. Dichotomous traits were also tested using BOLT-LMM and consistent p-values were

observed, but were not reported here due to the differences in the BOLT-LMM model for handling dichotomous traits.



Supplementary Figures

Supplementary figure A: Forest plots of the observational and genetic associations between
a 1SD higher height and socioeconomic status: I) Age completed full time education; II)
degree education; III) Job class; IV) Income; V) Townsend deprivation index. The plots
display the observational association (Observational) and the genetic association using
instrumental variable analysis with the genetic risk score (Genetic-instrumental variables).
Higher and lower socioeconomic status are marked on the forest plots as higher SES and

lower SES.

Supplementary figure B: Forest plots of the observational and genetic associations between
a 1SD higher BMI and socioeconomic status: I) Age completed full time education; II)
degree education; III) Job class; IV) Income; V) Townsend deprivation index. The plots
display the observational association (Observational) and the genetic association using
instrumental variable analysis with the genetic risk score (Genetic-instrumental variables).
Higher and lower socioeconomic status are marked on the forest plots as higher SES and

lower SES.
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